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ABSTRACT 


Investigations have been conducted to determine 
the static longitudinal aerodynamic characteristics of 
several configurations of the Little Joe-Apollo and 
Little Joe II-Apollo test vehicles at angles of attack 
from 0° to 90° at the low- subsonic Mach numbers and 
at angles of attack from -15° to +15° at the transonic 
and supersonic Mach numbers. The tests covered 
Mach numbers from 0. 056 to 4. 65. The Little Joe- 
Apollo configuration was unstable at the subsonic and 
low- supersonic speeds. Test results indicate that the 
production-model Little Joe II-Apollo configuration 
(with trailing- edge control surfaces on the booster 
fins) is stable throughout the Mach number range 
tested and that the trailing-edge control surfaces are 
effective for all Mach numbers tested. This config- 
uration was used in the developmental tests of the 
Apollo launch escape system. 
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STATIC LONGITUDINAL AERODYNAMIC CHARACTERISTICS OF 


SEVERAL CONFIGURATIONS USED IN THE DEVELOPMENT OF 

THE LITTLE JOE H-APOLLO TEST VEHICLE AT 

MACH NUMBERS FROM 0. 056 TO 4. 65 

By Robert H. Moore, Jr. 

Manned Spacecraft Center 

SUMMARY 


Investigations of the static longitudinal aerodynamic characteristics of 
several configurations of the Little Joe -Apollo test vehicle and the Little Joe H -Apollo 
test vehicle were conducted in the NASA Langley Research Center 7- by 10-foot wind 
tunnel, the Langley 8-foot transonic pressure tunnel, and the Langley Unitary Plan 
wind tunnel, at Mach numbers from 0. 056 to 4. 65. The configurations studied included 
the Little Joe booster combined with a proposed Apollo launch -escape -vehicle configu- 
ration, a proposed Little Joe II booster (with two booster -fin sizes) combined with the 
Apollo launch -escape -vehicle configuration and three service -module configurations, 
and the production model of the Little Joe booster (with trailing -edge control surfaces 
on the booster fins) combined with the Apollo launch -escape -vehicle configuration and 
a service -module configuration. The results of these investigations indicated that the 
Little Joe-Apollo test -vehicle configuration was unstable, for a typical center-of- 
gravity location, at subsonic and low -super sonic speeds at angle -of -attack values near 
0°, primarily because of the ineffectiveness of booster-fin operation in highly sepa- 
rated flow. As a result of these tests, all further effort was directed toward the de- 
velopment of the Little Joe II booster as the test vehicle. 

The results of the investigations of the Little Joe H-Apollo test -vehicle configura- 
tion with two booster-fin sizes and three service modules of different lengths indicated 
that increasing the service -module length only slightly affects the aerodynamic charac- 
teristics of the configuration. Also, there is a large rearward shift (approximately 
2. 5 diameters) in the center -of -pressure location with the addition of the small stabi- 
lizing fins and a further shift rearward (approximately 0. 5 diameter) with an increase 
in fin size. The data for the production model of the Little Joe H-Apollo test -vehicle 
configuration (with trailing -edge control surfaces on the booster fins) indicate that the 
configuration is stable throughout the Mach number range tested for the typical center - 
of -gravity location chosen. The data also indicate that the trailing -edge control 
surfaces are effective for all Mach numbers tested and that the magnitude of the 
trailing -edge control -surface hinge moment is within an acceptable range. 



INTRODUCTION 


The Apollo Program has as a goal the landing of man on the moon within the dec - 
ade. As a part of the overall program, it is necessary to demonstrate the capabilities 
of the flight systems under critical flight conditions. One of these systems is the 
Apollo launch escape vehicle (LEV). The LEV consists of a cylindrical rocket package 
which is attached to a tower mounted on top of the spacecraft. The LEV system is ca- 
pable of lifting the command module (CM) away from the launch vehicle in the event of 
a malfunction during the final countdown or during the initial launch phases of the mis- 
sion. 


For developmental tests of the launch escape system, an unsophisticated and ec- 
onomical launch vehicle was required for simulation of the most critical phases of the 
atmospheric portion of the launch profile. Initial studies indicated that the Little Joe 
booster used in the Project Mercury spacecraft-development program could be used to 
simulate some of the launch conditions; however, wind-tunnel tests of the resulting 
launch configuration, with a CM diameter which was approximately twice the diameter 
of the booster, indicated that the configuration was unstable (refs. 1 and 2). Effort 
was, therefore, directed toward developing a new booster to perform the desired de- 
velopmental Apollo missions. This configuration, designated the Little Joe n booster, 
was similar in configuration to the Little Joe booster but was larger in diameter. Pre- 
liminary investigations were conducted in several facilities of the NASA Langley Re- 
search Center to define the basic aerodynamics of the configuration and to confirm 
design estimates. Several booster lengths and two fin sizes were studied (refs. 3, 4, 
and 5). 

In June 1962, a 30-day study contract was awarded for the development of the fin 
size and the control surfaces for the Little Joe II booster. As a direct result of these 
studies, additional wind-tunnel tests were conducted to ascertain the effectiveness of 
the fins and of the trailing -edge control surfaces and to determine the effects of several 
small configuration modifications made to the booster vehicle and to the Apollo LEV. 
The results of these studies are reported in references 6 and 7. 

The purpose of this paper is to compile into one document all of the wind-tunnel 
data obtained during the development of the Little Joe n booster. The investigations at 
the NASA Langley Research Center were conducted in the Mach number range from 
0. 056 to 4. 65. 


SYMBOLS 


The six -component aerodynamic force -and -moment data are referenced to the 
body and stability systems of axes with the origin on the centerline at the model base, 
as in figure 1. In addition, some of the data are presented about a more realistic 
center -of -gravity location to assess the effectiveness of the control surfaces. 
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Subscripts : 
b base 

c. p. center of pressure 

f control surface 

00 free stream 


APPARATUS 


Tunnels 

The investigations were conducted in the Langley 300 -mph 7- by 10 -foot wind 
tunnel, in the Langley 8 -foot transonic pressure tunnel, and in the Langley Unitary 
Plan wind tunnel. The Langley 300-mph 7- by 10-foot wind tunnel is a low-speed, con- 
tinuous return -flow -type tunnel. The size of the test section is approximately 7 by 
10 feet, and the sting support system can rotate ±90°. Measurements in this tunnel 
can be made over the Mach number range from approximately 0. 05 to approximately 
0. 30. 


The test section of the Langley 8 -foot transonic pressure tunnel is square in 
cross section, with the upper and lower walls axially slotted to permit continuous test- 
ing throughout the transonic velocity range. The total pressure of the tunnel air can be 
varied from a minimum value of approximately 0. 25 atmosphere at all test Mach num- 
bers to maximum values of approximately 1. 5 atmospheres at transonic Mach numbers 
and approximately 2. 0 atmospheres at Mach numbers <0. 40. The tunnel air is dried 
to avoid condensation effects. 

The Langley Unitary Plan wind tunnel has low Mach number and high Mach num- 
ber test sections, which are 4 feet square by approximately 7 feet in length. The tunnel 
is a variable -pressure, continuous return-flow type with asymmetric sliding -block -type 
nozzles which permit continuous variation of Mach numbers from approximately 1. 50 to 
2.90 and from 2. 30 to 4. 70 in the low Mach number and high Mach number test sections, 
respectively. 


Models 

Dimensional details of the configurations tested are given in figure 2, and fig- 
ures 3(a) to 3(c) are photographs of the models. Configuration I was a 0. 028 -scale 
model of the Little Joe booster combined with an early proposed version of the Apollo 
LEV. The booster diameter for the resulting vehicle was one -half the diameter of the 
Apollo CM. Configuration II was a 0. 0292 -scale model of a proposed Little Joe n 
booster combined with the proposed version of the Apollo LEV and a service 
module (SM). (Three SM lengths were tested with the configuration. ) Also, two 

2 

booster-fin sizes were tested, the areas of which were 75 and 150 ft /fin, respectively 
(full-scale values). Configuration IQ was a 0. 030 -scale model of the production -model 
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Little Joe II booster combined with the Apollo LEV and SM. The four stabilizing fins 
with trailing -edge control surfaces were spaced 90° apart at the base of the booster 
airframe. These trailing -edge control surfaces could be deflected to obtain either pitch 
control or roll control. One fin was instrumented with a small hinge -moment beam to 
obtain control -surface hinge -moment data. Geometric characteristics of the configura- 
tions are summarized in table I. 


Instrumentation 

A six -component strain-gage balance housed in the model booster airframe was 
used for determining the overall forces and moments in the models. A static -pressure 
orifice located within the chamber surrounding the six -component strain-gage balance 
was included in all the configurations. Also, configurations n and HI had eight static - 
pressure orifices located around the rim of the model base which were manifolded to a 
single output. Static pressures from these orifices were recorded and used in the base- 
pressure corrections. A strain -gage beam mounted in the trailing -edge control surface 
of fin no. 2 was used for determining the hinge moment of the trailing -edge control 
surfaces in configuration in. 


TESTS, CORRECTIONS, AND ACCURACY 


Tests 

The investigations were conducted at Mach numbers from 0. 056 to 4. 65 over a 

6 6 

Reynolds number range from approximately 0. 154 x 10 to 2. 5 x 10 /foot (based on 
Apollo CM maximum diameter). The tests in the Langley 7- by 10 -foot wind tunnel 
were conducted over an angle -of -attack range from approximately -2° to 90°, and the 
tests in the Langley 8-foot transonic pressure tunnel and in the Langley Unitary Plan 
wind tunnel were conducted over an angle -of -attack range of approximately ±15°. 


Corrections 

The axial -force coefficient C . includes the correction for the base axial -force 

A 

coefficient C. . The aerodynamic force -and -moment data presented are considered 

Aj U 

to be free of tunnel -boundary interference. Corrections have been made to the model 
angles of attack to account for angularity of the airflow in the test sections. In addi- 
tion, corrections have also been applied for balance -sting deflection caused by aero- 
dynamic loads. 


Accuracy 

The estimated accuracy of the data, based primarily on the static calibration of 
the balance and on the repeatability of the data, is tabulated in tables n to IV. 
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DISCUSSION 


Basic aerodynamic characteristics of all configurations tested are shown in 
figures 4 to 31, and summary longitudinal aerodynamic characteristics for all configu- 
rations tested are plotted against Mach number in figures 32 to 38. 


Configuration I 

The longitudinal aerodynamic characteristics of configuration I, with and without 
the stabilizing fins, are presented in figures 4 and 5 and are summarized in figure 32. 
The data in figures 4 and 5 indicate that the addition of stabilizing fins to the booster 
has only slight apparent effect on the pitching -moment characteristics of the configura- 
tion when the moment reference center is located at the base of the booster, except at 
subsonic Mach numbers (fig. 32(a)). Also, the addition of the stabilizing fins increases 
the value of C^ and adversely affects the normal -force coefficient by reducing the 

variation of C N with a, at the lowest test angles of attack at subsonic speeds. 

As indicated by the data in figure 32, for angle -of -attack values near 0°, the 
center-of -pressure location for the fins-on booster configuration varies considerably 
with Mach number. The data also indicate that the configuration would be unstable at 
supersonic speeds for a typical center -of -gravity location. There is a large forward 
shift in the center-of -pressure location which is associated with the reduced fins-on 
normal -force coefficient at subsonic and transonic velocities. At angles of attack of 
approximately 15°, however, the center -of -pressure location for either the fins-on or 
fins-off configuration remains essentially constant with changes in Mach number and is 
located at approximately 1. 41D to 2. 65D or at 4. 0D to 4. 77D, respectively, forward 
of the booster base. 

In general, the data summarized in figure 32 indicate the following: 

1. The general magnitude of the drag estimate was good, except that the sharp 
drag rise at M = 0. 95 was not predicted. 

2. The variation of normal -force curve slope was predicted fairly well. 

3. The center -of -pressure estimate was grossly in error. 

The primary reason for the error in the center-of -pressure estimate was the ineffec- 
tiveness of the stabilizing fins in the region of highly separated flow rearward of the 
bulbous forebody, particularly at subsonic and transonic Mach numbers. At these Mach 
numbers, the downwash from the forebody acting on the fins at low angles of attack re- 
sulted in a more forward center -of -pressure location for the fins-on configuration than 
for the fins-off configuration. The data presented in references 8 and 9 were used to 
obtain the predicted data presented in figure 32. 


7 



Configuration n 


The longitudinal aerodynamic characteristics of configuration n are presented in 
figures 6 to 20 and are summarized in figures 33 and 34. Configuration n was tested 
with three SM lengths and two stabilizing -fin sizes. The SM lengths were as follows: 

1. Short SM (160-inch length, full-scale value) 

2. Medium SM (209-inch length, full-scale value) 

3. Long SM (242 -inch length, full-scale value) 

2 

The areas of the two booster stabilizing fins were 75 and 150 ft /fin, respectively (full- 
scale value). 

Effect of fin siz e. - To determine the effect of fin size on the aerodynamics of the 
configuration, the fin-size investigation for configuration II was conducted with the 
medium SM length. Basic data for the large -fin, small -fin, and no -stabilizing -fin 
booster configurations are presented in figures 6 to 14. 

The low -subsonic data presented in figures 6, 9, and 12 were obtained through an 
angle -of -attack range from approximately -2° to 90°. These data were obtained pri- 
marily to provide high -angle -of -attack information for the launch conditions. The 
transonic and supersonic data were obtained through an angle -of -attack range from 
approximately -5° to 15°. The variation of pitching -moment coefficient with angle of 
attack for the subsonic data is generally linear up to a « 65° and a « 55° for 
M = 0. 056 and M = 0. 10 and is linear up to a « 40° for M = 0. 20. The data at 
M = 0. 30 are generally linear throughout the angle -of -attack range tested, as are the 
data for the transonic and supersonic Mach numbers tested. 

Adding the fins to the configuration had only slight effect on the variation of 
pitching -moment coefficient with a, which indicates that the incremental normal force 
caused by adding the fins was localized at a point very close to the base of the booster. 
The fin effectiveness, as determined from the slope of the normal -force coefficient 
data, indicates that the increase in normal -force curve slope is generally proportional 
to the increase in fin size for the Mach number range tested. 

There is a large rearward shift (approximately 2. 5D) in the center -of -pressure 
location with the addition of the small fins to the booster configuration. An additional 
rearward shift (approximately 0. 5D) in the center -of -pressure location occurs with the 
change from the small fins to the large fins (fig. 33). The addition of the stabilizing 

fins to the booster also causes a substantial increase in the axial -force coefficient C . . 

A 

Effect of SM le ngth. - The basic data (figs. 6, 7, and 8 and figs. 14 to 20) and 
the summary data (fig. 34) indicate that there is very little effect on the normal -force 
coefficient or on the axial -force coefficient with the change in SM length. Increasing 
the length of the SM moved the center -of -pressure location forward by a small 
amount (<0. 13D). 
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Configuration HI 


The longitudinal aerodynamic characteristics of configuration HI are presented 
in figures 21 to 31 and are summarized in figures 35 to 38. Configuration HI was 

2 

tested with a booster stabilizing -fin size of 50 ft /fin (full-scale value), and there was 
a trailing-edge control surface on each fin. The area of the trailing -edge control sur- 
face was approximately 30 percent of the total fin area. The SM length used for con- 
figuration in was 160 inches (full-scale value). During the development of the 
production -model Little Joe II booster, changes were made to the Apollo LEV configu- 
ration. The changes are as follows: 

1. The launch -escape -system rocket motor has a 15° nose cant as compared to 
a 33° nose cant on configuration H. 

2. The launch -escape -system rocket is considerably longer and has a slightly 
larger diameter. 

3. The tower structure is mounted higher on the CM and has a different lateral - 
bracing configuration. 

Also, for some of the tests, a stabilizing disk or flow separator was added to the 
Apollo LEV configuration. This disk was mounted on the rocket motor slightly forward 
of the conical shroud around the rocket-motor nozzles (fig. 2(e)). 

The data presented in figures 21 and 22 are for configuration HI with and without 
the stabilizing disk. The data indicate that the stabilizing disk has little or no effect 
on the aerodynamic characteristics of the configuration, except for an increase in the 
axial -force coefficient C^. The flow separator was introduced as a modification to 

the Apollo LEV and resulted in improved static -stability characteristics at some Mach 
numbers. Other design considerations, however, resulted in the removal of the disk 
from the configuration. Therefore, comparisons of configuration HI with and without 
the disk were made for limited tests only. The pitching -moment coefficient and the 
normal -force coefficient for the configuration without the disk show a generally linear 
variation with angle of attack throughout the Mach number range tested. Since the 
stabilizing fins are located near the base of the booster and since the primary moment 
reference center is in the plane of the base of the booster, the data in figures 21 to 26 
give little or no indication of the effectiveness of the trailing-edge control surfaces. 
Therefore, the pitching -moment coefficient data presented in figure 27 and summarized 
in figure 37 have been computed about a typical center -of -gravity location of 
X/D = 2. 272; Z/D = 0. These data indicate that for this particular center -of -gravity 
location the configuration is stable throughout the Mach number range tested and that 
the trailing-edge control surfaces provide adequate control effectiveness, although a 
decrease in control effectiveness occurs with an increase in Mach number at Mach 
numbers >0. 70. 

Hing e -moment characteristics. - The variation of hinge -moment coefficient 

with angle of attack was approximately linear at control deflections of 0° and -10° 
at Mach numbers <0. 80. Increasing control deflection or increasing Mach number 
resulted in a greater nonlinearity in the variation of hinge -moment coefficient with 
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angle of attack. The hinge -moment curve slope was negative over the angle -of - 

a 

attack range, and the magnitude of this parameter was usually less at low angles of at- 
tack than at higher angles of attack. The parameter in figure 36 was measured 

a 

over an angle -of -attack range of approximately ±2°. 

The variation of hinge -moment coefficient with trailing -edge control -surface de- 
flection was approximately linear for the range of control -surface deflections tested, 
with a maximum deflection of approximately -20° at a « 0° and with deflections gen- 
erally < -20° as the angle of attack increased or decreased from a = 0°. The param- 
eter C, in figure 37 was the average value for trailing -edge control -surface 
o 

deflections from 0° to approximately -10°. The parameter increased in magnitude at 
the higher subsonic Mach numbers and decreased in magnitude at the supersonic Mach 
numbers. 

Rolling -mo men t charac teristics. - The variation of rolling -moment coefficient 
with differential deflection of the trailing -edge control surfaces was approximately 
linear over most of the angle -of -attack range at all Mach numbers, and the magnitude 
of the rolling -moment coefficient developed by differential deflection of the trailing - 
edge control surfaces appeared to be adequate. The rolling -moment effectiveness was 
approximately constant at Mach numbers from 0. 30 to 1. 20 and increased slightly at 
the intermediate Mach numbers. 


CONCLUDING REMARKS 


The results of wind-tunnel tests over a Mach number range from 0. 056 to 4. 65 of 
several configurations of the Little Joe and the Little Joe II boosters combined with the 
Apollo launch-escape -vehicle configuration yield the following conclusions: 


Little Joe -Apollo (Configuration I) 

1. The configuration is unstable, for a typical center -of -gravity location, at 
subsonic and low -super sonic speeds for angle -of -attack values near 0°. 

2. The booster stabilizing fins contribute to a reduced normal -force curve slope 
at subsonic speeds because of the total ineffectiveness of booster-fin operation in the 
region of highly separated flow rearward of the bulbous forebody. 


Little Joe II-Apollo (Configuration EL) 

1. Results of the initial studies of the Little Joe n-Apollo configuration indicate 
that the vehicle is stable and can perform the developmental missions planned. 

2. For the normal operating ranges, the variation of the pitching -moment co- 
efficient is generally linear throughout the angle -of -attack and Mach number ranges 
tested. 
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3. The booster stabilizing fins contribute to a large rearward shift (approxi- 
mately 2. 5 diameters) in the center -of -pressure location, and a further rearward shift 
(approximately 0. 5 diameter) results from increasing the fin size. 

4. Varying the service -module length from 1. 068 diameters to 1. 620 diameters 
has only slight effect on the aerodynamic characteristics of the configuration. 


Little Joe n -Apollo (Configuration m) 

1. The fins -on configuration is stable throughout the Mach number range tested. 

2. The trailing -edge control surfaces are effective in producing adequate longi- , 
tudinal control and/or roll control at all Mach numbers tested. 

3. The variation of trailing -edge control -surface hinge moment with control de- 
flection and the magnitude of the control -surface hinge moment are within an acceptable 
range. 


Manned Spacecraft Center 

National Aeronautics and Space Administration 
Houston, Texas, December 13, 1967 
914-50-10-09-72 
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TABLE I. - GEOMETRIC CHARACTERISTICS OF THE LITTLE JOE AND 
LITTLE JOE II BOOSTERS COMBINED WITH THE APOLLO 
LAUNCH -ESCAPE -VEHICLE CONFIGURATION 
(a) Configuration I 

Booster body: 

2 

Cross-sectional area (reference area S), ft 0.0277 

Diameter (reference diameter D), in 2.250 

Apollo LEV: 

2 

Cross-sectional area, ft . . . . 0. 1104 

Diameter, in 4. 50 

Stabilizing fins (exposed, single -fin values given): 

Airfoil section (parallel to root chord), wedge total angle, deg 11 

Area, ft^ 0. 0264 

Span, in 2. 480 

Root chord, in 1. 640 

Tip chord, in 1. 170 

Sweepback of leading edge, deg 45 
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TABLE I. - GEOMETRIC CHARACTERISTICS OF THE LITTLE JOE AND 
LITTLE JOE H BOOSTERS COMBINED WITH THE APOLLO 
LAUNCH-ESCAPE -VEHICLE CONFIGURATION - Continued 

(b) Configuration H 

Booster body: 

2 

Cross-sectional area (reference area S), ft 0. 1104 

Diameter (reference diameter D), in 4.50 

Area of sting hole, A^ j, ft^ 0.0491 

Area of rim, A^ ^ ft^ 0. 0614 

Stabilizing fins (exposed, single -fin values given): 

Large fins: 

Airfoil section (parallel to root chord) , wedge total angle, deg 11 

Area, ft^ 0. 127 

Span, in 5. 140 

Root chord, in 3. 500 

Tip chord, in 2. 920 

Sweepback of leading edge, deg 45 

Small fins: 

Airfoil section (parallel to root chord), wedge total angle, deg 11 

Area, ft^ 0. 064 

Span, in 3. 570 

Root chord, in 2. 510 

Tip chord, in 2. 120 

Sweepback of leading edge, deg 45 
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TABLE I. - GEOMETRIC CHARACTERISTICS OF THE LITTLE JOE AND 


LITTLE JOE H BOOSTERS COMBINED WITH THE APOLLO 
LAUNCH-ESCAPE -VEHICLE CONFIGURATION - Concluded 
(c) Configuration HI 

Booster Body: 

2 

Cross-sectional area (reference area S), ft 0. 1164 

Diameter (reference diameter D), in 4.620 

Area of sting hole, A^ ft 2 0. 0576 

Area of rim, A^ ft 2 0. 0588 

Stabilizing fins (exposed, single -fin values given): 

Airfoil section (parallel to root chord), wedge total angle, deg 10 

2 

Area (includes area of control surface), ft 0.0451 

Span, in 2. 790 

Root chord, in 2. 633 

Tip chord, in 1. 320 

Aspect ratio 1. 20 

Sweepback of leading edge, deg 45 

Trailing -edge control surface (flap): 

Area, S f , ft 2 0.0135 

Percent of fin area . . . 30 

Mean aerodynamic chord, C^, in 0.956 
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TABLE E. - ESTIMATED ACCURACY OF DATA FOR CONFIGURATION I 



Estimated accuracy in the — 

Datum 

8 -foot transonic 
pressure tunnel 

Unitary Plan 
wind tunnel 

a, deg . . . 

±0.2 

±0. 10 

M 

±.005 

±.015 * 

C N 

±.017 

±.017 

C A 

±. 006 

±. 006 

C m 

±. 020 

±. 010 

C L 

±. 006 

±. 006 

C D 

±.020 

±. 021 



TABLE in. - ESTIMATED ACCURACY OF DATA FOR CONFIGURATION II 
(a) In the 7- by 10-foot wind tunnel 


Datum 


Estimated accuracy at — 


M = 0.056 

M = 0. 10 

M = 0. 20 

M = 0.30 

a, deg . . . 

±0.05 

±0. 05 

±0.05 

±0. 05 

C N 

±. 613 

±. 189 

±. 050 

±.023 

C A 

±. 091 

±. 028 

±. 007 

±. 003 

C m 

±. 294 

±. 093 

±. 024 

±.011 

C L 

±. 090 

±.028 

±. 007 

±. 003 

C D 

±.613 

±. 189 

±. 050 

±.021 


(b) In the 8 -foot transonic pressure tunnel a and in the 
Unitary Plan wind tunnel 


Datum 

Estimated accuracy in the — 

8 -foot transonic 
pressure tunnel 

Unitary Plan 
wind tunnel 

a, deg . . . 

±0.1 

±0. 1 

M 

±. 005 

±.015 

C N 

±.025 

±. 024 

C A 

±. 008 

±. 008 

C 

±.015 

±.014 

m 



C L 

±.007 

±.007 

C D 

±. 022 

±.018 


a Accuracies of coefficient data are for Mach numbers aO. 70. At 
M = 0. 30 and M = 0.50, where the dynamic pressure was substantially 
lower than at the higher Mach numbers, the accuracy of the aerodynam- 
ic coefficients is affected adversely. 







TABLE IV. - ESTIMATED ACCURACY OF DATA 
FOR CONFIGURATION in - Concluded 

(b) In the 8 -foot transonic pressure tunnel a and in the Unitary Plan wind tunnel 



Estimated accuracy in the — 

Datum 

8 -foot transonic 
pressure tunnel 

Unitary Plan 
wind tunnel 

a, deg 

±0. 1 

±0. 1 

M 

±. 005 

— 

M = 1. 57 to M = 2. 80 . . . . 

— 

±.015 

M = 3. 86 and M = 4. 65 . . . 

— 

±. 050 

C N 

±. 020 

±. 050 

C A 

±. 007 

±. 005 

c m ; 

±.010 

±. 050 

C L 

±. 007 

±. 006 

C D 

±.019 

±. 050 

c i 

±. 002 

— 

C h (5 { = 0° and S f = 10°) . . . 

±. 007 

— 

c h( a f- 2tr ) 

±.011 

— 

C h( 6 f' 30 °) 

±. 018 

— 


a Accuracies of coefficient data are for Mach numbers >0. 70. At M = 0. 30 and 
M = 0. 50, where the dynamic pressure was substantially lower than at the higher Mach 
numbers, the accuracy of the aerodynamic coefficients is affected adversely. 
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NASA-S-67-7332 




Figure 1. - Sketch showing axis systems used. Arrows indicate positive-to- 
positive direction of forces, moments, and angles of attack. 
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Section A-A enlarged 




(a) Configuration I. 

Figure 2. - Sketch of the configurations tested showing general arrangement and 
dimensions. All linear dimensions are in inches. 
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Configuration U dimensions 



(b) Complete model of configuration II, 
Figure 2. - Continued. 
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(e) Complete model of ( 


Figure 2. - 
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(b) Configuration II installed in a test section. 
Figure 3.- Continued. 



(c) Configuration III installed in a test section. 
Figure 3. - Concluded. 
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(a) Transonic pitching-moment coefficient. 

Figure 4. - Aerodynamic characteristics of configuration I at Mach numbers 

from 0. 50 to 2. 16, fins off. 












(d) Supersonic normal-force coefficient. 
Figure 4. - Continued. 
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(e) Transonic axial-force coefficient. 
Figure 4. - Continued. 
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(f) Supersonic axial-force coefficient. 
Figure 4. - Continued. 
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(a) Transonic pitching- moment coefficient. 

Figure 5. - Aerodynamic characteristics of configuration I at Mach numbers 

from 0. 50 to 2. 16, fins on. 
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(e) Transonic axial-force coefficient. 
Figure 5. - Continued. 





(g) Transonic lift coefficient. 
Figure 5. - Continued. 
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(i) Transonic drag coefficient. 
Figure 5.- Continued. 
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(k) Transonic center of pressure 
Figure 5. - Continued. 











(b) Normal-force coefficient 
Figure 6. - Continued. 
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(c) Axial-force coefficient 
Figure 6. - Continued. 
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(d) Lift coefficient. 

Figure 6.- Continued. 
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(e) Drag coefficient. 
Figure 6. - Continued 
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(e) Drag coefficient. 
Figure 7.- Continued, 











(e) Drag coefficient. 
Figure 8.- Continued. 
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(f) Base axial-force coefficient. 
Figure 8. - Concluded. 
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(a) Pitching- moment coefficient. 

Figure 9. - Aerodynamic characteristics of configuration II with small fins and medium service module 

at Mach numbers from 0. 056 to 0. 30. 



(b) Normal-force coefficient 
Figure 9. - Continued. 
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(f) Base axial-force coefficient, 
Figure 9. - Concluded. 
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(a) Pitching-moment coefficient. 

Figure 10. - Aerodynamic characteristics of configuration II with small fins and 
medium service module at Mach numbers from 0. 30 to 1. 20. 
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(c) Axial-force coefficient, 
Figure 10. - Continued. 
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(e) Drag coefficient. 
Figure 10. - Continued. 
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(b) Normal-force coefficient. 
Figure 11. - Continued. 






(d) Lift coefficient. 
Figure 11.- Continued. 
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(e) Drag coefficient. 
Figure 11.- Continued. 
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(f) Base axial-force coefficient. 
Figure 11.- Concluded. 
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(a) Pitching-moment coefficient. 

Figure 12. - Aerodynamic characteristics of configuration II with medium service module at 

Mach numbers from 0. 056 to 0. 30, fins off. 
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(d) Lift coefficient. 
Figure 12. - Continued. 
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(a) Pitching-moment coefficient. 

Figure 13. - Aerodynamic characteristics of configuration II with medium service 
module at Mach numbers from 0. 30 to 1. 20, fins off. 
















(e) Drag coefficient. 
Figure 13.- Continued. 
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(a) Pitching- moment coefficient. 

Figure 14. - Aerodynamic characteristics of configuration II with medium 
service module at Mach numbers from 1. 50 to 2. 16, fins off. 
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(e) Drag coefficient. 
Figure 14. - Continued. 


106 









M 


— o 0.056 
= □ 0.100 
0.200 
0.300 


50 60 70 80 

leg 

(b) Normal-force coefficient. 



Figure 15. - Continued, 







(d) Lift coefficient. 
Figure 15. - Continued 
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(a) Pitching-moment coefficient. 

Figure 16. - Aerodynamic characteristics of configuration n with large fins and 
long service module at Mach numbers from 0. 30 to 1. 20. 
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(e) Drag coefficien 
Figure 16. - Continue 
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(a) Pitching -moment coefficient. 

Figure 17. - Aerodynamic characteristics of configuration II with large fins and 
long service module at Mach numbers from 1. 50 to 2. 16. 
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(b) Normal-force coefficient. 
Figure 17. - Continued. 
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(e) Drag, coefficient. 
Figure 17. - Continued. 









(a) Pitching-moment coefficient. 


Figure 18. - Aerodynamic characteristics of configuration II with large fins and short service module at 

Mach numbers from 0. 056 to 0. 300. 


(b) Normal-force coefficient 
Figure 18. - Continued. 
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(d) Lift coefficient. 
Figure 18. - Continued 





(e) Drag coefficient. 
Figure 18. - Continued 
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(a) Pitching-moment coefficient. 

Figure 19. - Aerodynamic characteristics of configuration II with large fins and 
short service module at Mach numbers from 0. 30 to 1. 20. 
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(a) Pitching- moment coefficient. 

Figure 20. - Aerodynamic characteristics of configuration II with large fins and 
short service module at Mach numbers from 1. 50 to 2. 16. 
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(e) Drag coefficient. 
Figure 20. - Continued. 
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(a) Pitching -moment coefficient. 

Figure 21. - Longitudinal aerodynamic characteristics of configuration El 
at Mach numbers from 0. 056 to 2.16 (with a stabilizing disk mounted 
on the rocket motor: c.g. = X/D = 0; Z/D = 0; 6 f = 0°). 
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(c) Axial-force coefficient. 
Figure 21. - Continued. 
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(a) Pitching-moment coefficient. 

Figure 22.- Longitudinal aerodynamic characteristics of configuration in 
at Mach numbers from 0. 30 to 4. 65 (without stabilizing disk; 
c.g. = X/D = 0; Z/D = 0; 6 = 0°). 
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(a) Pitching-moment coefficient. 

Figure 23. - Effect of deflection of trailing-edge control surfaces on longitudinal 
aerodynamic characteristics of configuration HI at Mach numbers from 
0.30 to 4.65 (c.g. = X/D = 0; Z/D = 0; 6 = -5°). 
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(e) Drag coefficient. 
Figure 23.- Continued 
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(a) Pitching -moment coefficient. 

Figure 24. - Effect of deflection of trailing-edge control surfaces on longitudinal 
aerodynamic characteristics of configuration in (without stabilizing disk) at 
Mach numbers from 0.30 to 4. 65 (c.g. = X/D = 0; Z/D = 0:6= -10°). 
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(b) Normal-force coefficient. 
Figure 24. - Continued. 
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(d) Lift 
Figure 24 
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(e) Drag coefficient. 
Figure 24. - Continued. 
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(a) Pitching-moment coefficient. 

Figure 25. - Effect of deflection of trailing -edge control surfaces on longitudinal 
aerodynamic characteristics of configuration HI (without stabilizing disk) at 
Mach numbers from 0. 30 to 4. 65 (c. g. = X/D = 0; Z/D = 0; 6 = -20°). 
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(f) Base axial -force coefficient 
Figure 25. - Concluded. 
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(a) Pitching-moment coefficient. 

Figure 26. - Effect of deflection of trailing-edge control surfaces on longitudinal 
aerodynamic characteristics of configuration III (without stabilizing disk) at 
Mach numbers from 0. 30 to 4. 65 (c. g. = X/D = 0; Z/D = 0; 6 f = -30°). 
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(e) Drag coefficient. 
Figure 26. - Continued. 
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Figure 27. - Pitching -moment coefficient computed about a center -of-gravity location 
of X/D = 2.272; Z/D = 0 to show the effectiveness of the trailing-edge control 
surfaces for configuration in (without stabilizing disk). 
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Figure 28. - Plot of pitching-moment coefficient versus control deflection for 
an angle of attack of 0° at the center-of-gravity location of X/D = 2. 272; 
Z/D = 0 (a = 0°). 
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(a) 6 f = 0°. 


Figure 29. - Hinge-moment coefficient of the trailing- edge control 
surfaces for configuration HI (without stabilizing disk). 
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(d) 6 f = -30°. 
Figure 29. - Concluded. 
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(a) Pitching-moment coefficient. 

Figure 30. - Effect of differential deflection of trailing-edge control surfaces on 
longitudinal aerodynamic characteristics of configuration m (without stabilizing 
disk) at Mach numbers from 0. 30 to 1. 20 (c. g. = X/D = 0; E/D =0; 6^ = + 5 °). 
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(c) Axial-force coefficient. 
Figure 30. - Continued. 
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(d) Lift coefficient. 
Figure 30. - Continued. 
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(g) Base axial-force coefficient. 
Figure 30. - Concluded. 
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(a) Pitching-moment coefficient. 

Figure 31. - Effect of differential deflection of trailing-edge control surfaces on 
longitudinal aerodynamic characteristics of configuration m (without stabilizing 
disk) at Mach numbers from 0. 30 to 1. 20 (c. g. = X/D = 0; Z/D = 0; 6^ = ± 10 ). 
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Continued. 
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(c) Axial-force coefficient. 
Figure 31.- Continued. 



(d) Lift coefficient. 
Figure 31. - Continued. 
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(f) Rolling- moment coefficient. 
Figure 31. - Continued. 
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(g) Base axial-force coefficient. 
Figure 31.- Concluded. 
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Figure 32.- Summary of longitudinal- stability parameters for configuration I. 
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Figure 33.- Concluded. 
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